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Abstract

Shoulder pain is common among elite swimmers due to the tre-
mendous stress over shoulders during swimming. Supraspinatus
muscle is one of the major prime movers and stabilizers of shoul-
der and is highly susceptible to overloading and tendinopathy. An
understanding of the relationship between supraspinatus tendon
and pain; and between supraspinatus tendon and strength would
assist health care practitioners for developing training regime.
The objectives of this study are to evaluate 1) the association be-
tween structural abnormality of supraspinatus tendon and shoul-
der pain and 2) the association between structural abnormality of
supraspinatus tendon and shoulder strength. We hypothesized
that structural abnormality of supraspinatus tendons positively as-
sociated with shoulder pain and negatively associated with shoul-
der muscle strength among elite swimmers. 44 elite swimmers
were recruited from the Hong Kong China Swimming Associa-
tion. Supraspinatus tendon condition was evaluated using diag-
nostic ultrasound imaging and shoulder internal and external ro-
tation strength was evaluated by the isokinetic dynamometer.
Pearson’s R was used to study the correlation between shoulder
pain and supraspinatus tendon condition and to evaluate the asso-
ciation between isokinetic strength of shoulders and supraspina-
tus tendon condition. 82 shoulders had supraspinatus tendinopa-
thy or tendon tear (93.18%). However, there was no statistically
significant association between structural abnormality of suprasp-
inatus tendon and shoulder pain. The results showed that there
was no association between supraspinatus tendon abnormality
and shoulder pain and there was a significant correlation between
left maximal supraspinatus tendon thickness (LMSTT) and left
external rotation/ concentric (LER/Con) and left external rotation/
eccentric (LER/Ecc) shoulder strength (p < 0.05) while internal
rotation/ external rotation (IR/ER) ratio can also be a significant
predicator on LMSTT >6mm (R>= 0.462, F = 7.016, df = 1,p =
0.038). Structural change of supraspinatus tendon was not associ-
ated with shoulder pain, but could be a predictor on MSTT >6mm
in elite swimmers.

Key words: Elite swimmers, supraspinatus tendon abnormality,
shoulder pain, isokinetic strength.

Introduction

Shoulder pain is one of the most prevalent musculoskeletal
symptoms presented by elite swimmers; it ranged from
40% to 91% as reported in previous studies (Bak & Faung,
1997; Ciullo, 1986; Hawkins & Kennedy, 1980;
McMaster, 1999; Rupp et al, 1995). Researchers

suggested that pain could be attributed by the tremendous
stress exerted on shoulders during training (Bak, 2010;
Fredericson et al., 2009; Kennedy et al., 1978). As such,
this kind of sports related injury were identified and the
term ‘swimmer shoulders’ had been widely used in the past
five decades (Kennedy et al., 1978). Recently, primary im-
pingement and secondary impingement have also been in-
troduced. Although researchers have investigated the risk
factors causing secondary impingement in the past, few
contributing factors of a moderate level of evidence had
been identified. Those factors included namely competitive
level, previous history of pain and injury, internal/external
rotation ratio and clinical joint laxity and instability (Hill
etal., 2015).

According to Sein et al (2010), the duration of
swimming training (hours/week) (r = 0.49, p < 0.01) and
swimming distance (distance/week) (r=0.39, p <0.05) had
a significant and positive correlation with supraspinatus
tendinopathy (Sein et al., 2010). Evidence showed that su-
praspinatus tendinopathy could be a major cause of shoul-
der pain presented in elite swimmers and this tendinopathy
could be predisposed by huge amount of swimming train-
ing (Sein et al., 2010).

Similarly, researchers suggested that supraspinatus
tendinopathy could be significantly correlated to the sub-
stantial repetitive loading during front crawling in swim-
ming (Porter et al., 2020). Supraspinatus muscle is one of
the rotator cuff muscles that works as a prime mover and
stabilizer of shoulders, as well as responsible for securing
the humeral head in the glenoid. Hence, supraspinatus mus-
cles are more susceptible to overload injury which poten-
tially resulted in tendinopathy (Jobe et al., 1989; Renstrom
& Johnson, 1985; Soslowsky et al., 2000; Suzuki et al.,
2020).

There have been a high prevalence rate of shoulder
pain and supraspinatus tendinopathy among elite swim-
mers. Researchers suggested that asymptomatic sportsmen
shoulders have similar pathological changes when com-
pared to symptomatic non-sportsmen shoulders. Neverthe-
less, there were even more tendon structural pathological
changes reported in asymptomatic sportsmen shoulders
group (Connor et al., 2003; Fredericson et al., 2009). For
instance, it has been reported that supraspinatus tendinopa-
thy is the major cause of shoulder pain in a study evaluated
the relationship between supraspinatus pathology and
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shoulder impingement sign among elite swimmers (Sien et
al., 2010). However, a direct comparison between suprasp-
inatus tendon (SST) structural changes in symptomatic
shoulders and asymptomatic shoulders among elite swim-
mers was lacking in such study (Sein et al., 2010).

A reduced muscle strength of shoulder external and
internal rotation has been recognized as a contributor to
shoulder pain, and commonly presented in elite swimmers
(Bak & Magnusson, 1997; Boettcher et al., 2020; Hegedus
et al., 2012). In spite of that, evidence on the relationship
between symptomatic swimmers’ shoulder strength and
supraspinatus tendon structural abnormality was lacking.
Hence, to examine a relationship between swimmer’s
shoulder pain, strength and SST structure can be useful to
establish a better understanding on shoulder pathology. An
isokinetic strength test has been well-recognized and com-
monly adopted as a reliable, valid and quantifiable tool in
measuring muscle strength (Habets et al., 2018). In partic-
ular, the internal and external shoulder rotator strength can
be measured by peak torque (PT) in order to establish a
correlation between strength deficit and structural abnor-
mality. Previous studies suggested using shoulder rota-
tional peak torque strength ratios (External rotation
(ER)/Internal Rotation (IR) to measure overhead sports to
investigate normative values. The results ranged from 0.66
to 0.75 while such results were not applicable to swimmers
(Ellenbecker and Davies, 2000; Ellenbecker and Roeterert,
2003). There were other studies examined the shoulder
peak torque strength ratios (IR/ER) of swimmers ranged
from 0.39 to 0.66 (Gozlan et al., 2006; Olivier et al., 2008).
Such difference in peak torque strength ratio (IR/ ER) can
be contributed by the major propulsion movement during
the acceleration phase of swimming was induced by inter-
nal rotators (Liaghat et al., 2018). Researchers also sug-
gested that such a reduction in the ratio of shoulder internal
and external rotators could be contributed by muscle im-
balance, that is, external rotators were likely weakened and
internal rotators were likely strengthened in elite swim-
mers. As a result, we adopted PT and external rotation/ in-
ternal rotation PT ratios to identify aforementioned rela-
tionship.

Upon reviewing the existing literature, we found
that the relationship between SST structure, shoulder rota-
tional strength and pain remain unknown. Not only without
direct comparison between supraspinatus tendon structural

changes in symptomatic shoulders and asymptomatic
shoulders among elite swimmers, but also no investigation
has been conducted in regards to the relationship between
SST structural abnormality and symptomatic swimmers’
shoulder rotational strength. Therefore, we aimed to eval-
uate the relationship (1) between SST structure and pain,
(2) between SST structure and strength in order to benefit
coaches, swimmers and healthcare professionals in under-
standing the clinical applications and relevant deficits for
future rehabilitation planning.

We hypothesized that structural abnormality of su-
praspinatus tendon is positively associated with shoulder
pain and negatively associated with shoulder muscle
strength in elite swimmers.

Methods

Study design

This was a cross-sectional study. Assessors were responsi-
ble for supraspinatus structural examination with diagnos-
tic ultrasound images and shoulder isokinetic strength as-
sessment with isokinetic dynamometer respectively. As-
sessor 1 is a physiotherapist trained with advance diagnos-
tic ultrasound imaging at shoulder region and had relevant
clinical experiences in ultrasound scanning. Assessor 2 is a
physiotherapist with clinical experience of using isokinetic
dynamometer for examination or training for years. During
the examination session, all results did not disclose to par-
ticipants until all the assessments were finished. The work-
flow of this study is shown in Figure 1.

Participants

44 registered swimmers under Hong Kong China Swimmer
Association were recruited from different swimming clubs
according to the inclusion criteria. The inclusion and ex-
clusion criteria are listed in Table 1.

The assessments were conducted in the Gait and
Motion Analysis Laboratory of the Department of Rehabil-
itation Sciences of the Hong Kong Polytechnic Univer-
sity. All participants were informed about the background,
procedure, potential benefits and side effects of this study.
Written consent was obtained before data collection. This
study was approved by the Human Subjects Ethics Sub-
committee of The Hong Kong Polytechnic University (ref-
erence number: HSEARS20200828001).

Isokinetic test on Lt
shoulder

Subjects recruitment | | Questionnaire |

Isokinetic test on Rt |
shoulder

| Rt shoulder Ultrasound
inmaging examination

Lt shoulder Ultrasound
imagingexamination

Figure 1. Study workflow.
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Table 1. Inclusion and exclusion criteria

(1) At least 4 training sessions a week

(2) More than 3,000 meters training dis-
tance per session, and

(3) Participated more than 6 years compe-
tition

(1) Any history of shoulder fracture, dis-
location or surgery

(2) Recent injury of shoulder in the past 3
months

Inclusion Criteria

Exclusion Criteria

Each swimmer was asked to complete a question-
naire regarding demographics, anthropometric features,
year of competition, major competition strokes and any in-
jury history of shoulder etc. before assessment started.

Outcome Measures

Diagnostic ultrasound imaging

Ultrasound imaging is a reliable tool to evaluate the su-
praspinatus tendinopathy, especially in grading fibrillar
disruption and detecting neovascularity. The interrater re-
liability in Kappa Statistic is moderate to excellent (Kappa
statistic, k =0.60 - 0.96) (Ingwersen et al., 2016). Addition-
ally, an excellent result was obtained in measuring tendon
thickness (Interclass correlation coefficient = 0.85 -
0.90). Likewise, the sensitivity and specificity of detecting
full thickness tears were 0.95 and 0.96 respectively; and
partial thickness tears were 0.72 and 0.93 respectively
(95% Confidence Interval). The sensitivity and specificity
of confirming tendinopathy were 0.67 - 0.93 and 0.88-1.00
respectively. The sensitivity and specificity of detecting
calcifying tendonitis was 1.00 and 0.85 - 0.98 respectively
(Ottenheijm et al., 2010). The high sensitivity and high
specificity results implied that ultrasound imaging is capa-
ble to rule out actual pathological changes upon doing the
tests.

In full thickness tear, we searched for non-visuali-
zation of the supraspinatus tendon due to the complete re-
traction of the tendon underneath the acromion or when
there is retraction of the tendon with added sign including
deltoid herniation, bursal thickening and excessive fluid
(Teefey et al., 2000).

In partial thickness tear, we examined (1) minimal
flattening of the bursal surface of supraspinatus or (2) hy-
poechoic and mixed hyperechoic and hypoechoic defect
cross reference at the longitudinal plan and transverse
plane at the articular surface of supraspinatus (Teefey et al.,
2000).

In shoulders without full/ partial thickness tears, the
evaluation continued to assess supraspinatus for the pres-
ence of tendinopathic changes. The assessor repeated tak-
ing the posterior to anterior scan with the transducer placed
longitudinally on the supraspinatus tendon. Abnormal ten-
don structure (ATS) was defined as the presence of su-
praspinatus tendon with hypoechogenicity or altered fibril-
lar disruption (Ingwersen et al., 2016) (Figure 2). Tendon
hypoechogenicity was defined as iso-echogenicity and
hypo-echogenicity of the supraspinatus when compared to
the deltoid muscle (Ingwersen et al., 2016). Altered fibril-
lar pattern was defined as loss of complex fibrillar pattern
of the supraspinatus tendon.

Supraspinatus tendon could be classified as ATS

with either partial/ full thickness tears or tendinopathic
changes. In the absence of partial/ full thickness tear and
the absence of tendinopathic change, the supraspinatus ten-
don was classified as a normal tendon.

Another outcome measure from ultrasound image
on SST was the maximal supraspinatus tendon thickness
(MSTT). In transverse view of SST at rotator cuff tendon
internal, assessor measured the MSTT. First, assessor iden-
tified the long head of biceps. Then, maximal tendon thick-
ness was obtained at Smm and 10mm posterior to edge of
the biceps tendon. Next, average values of two measure-
ments were used as MSTT end result {Barrett et al., 2016).
Researcher suggested that supraspinatus tendinopathy
could be defined as MSTT >6 mm in non-sportsmen pop-
ulations (Arend et al., 2014).

Isokinetic strength

An isokinetic strength is measured when the length of the
muscle changes with a constant muscle contraction veloc-
ity. An isokinetic dynamometer could be used to measure
muscle strength and found to be a reliable tool (Interclass
correlation coefficient = 0.72 - 0.94) (Habets et al., 2018).
Previous studies had also assessed the rotator cuff strength
with isokinetic shoulder internal rotation (IR) and external
rotation (ER) in overhead sports (Land et al., 2017). In that
study, isokinetic concentric and eccentric shoulder IR and
ER strength were measured in terms of peak torque (unit:
Nm), as well as the ratio of ER/IR. Peak torque was defined
as the maximum torque produced by the shoulder at any
point of the range of motion and it was taken to represent
the strength values (Perrin, 1993). In our study, the average
peak torque value was normalized against each partici-
pant’s own body weight (unit: Nm/kg) for analyzing pur-
pose (Land et al., 2017).

Procedures

Diagnostic ultrasound imaging evaluation was conducted
at the start of the study followed by the isokinetic strength
examination. In these two assessments, both shoulders of
each participant were tested separately.

Figure 3. Supraspinatus tendon evaluation using diagnostic
ultrasound image.

Supraspinatus tendon evaluation with diagnostic
ultrasound imaging

The SST was evaluated during the ultrasound examination
(Figure 3). In order to expose SST for examination as de-
scribed in American Institute of ultrasound in Medicine
Practice guideline for the performance of a shoulder
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A. Partial thickness tear

- e ———

C. Altered Fibrillar disruption
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Mixed hyperechoic and hypoechoic defect cross reference at the longitudinal plan and transverse plane at the articular surface of supraspinatus.
Tendon hypoechogenicity was defined as iso-echogenicity and hypoechogenicity of the supraspinatus compared to the deltoid muscle

Altered fibrillar pattern was defined as loss of complex fibrillar pattern of the supraspinatus tendon

Measurements 5 mm and 10 mm posterior to the edge of the biceps tendon for MSTT

B. Hypoechogenicity

D. Measurement of MSTT

Figure 2. Supraspinatus tendinopathy/tear features in diagnostic ultrasound imaging.

ultrasound examination, participants were asked to extend
the arm and internally rotate the shoulder, with the palm
placed on the iliac wing ((AIUM), 2003).

A Diagnostic Ultrasound Scanner (Logiq e, GE
Healthcare) was utilized for assessing the signs of tendi-
nopathy in SST. A linear transducer of 5.0-13.0MHz was
selected for examinations (Sein et al., 2010). Other ultra-
sound scanner parameters, such as gain control, time gain
compensation controls, focal zones and frequency selec-
tion, were all selected by the assessor.

Shoulder rotation isokinetic strength assessment with
isokinetic dynamometer

A Cybex Norm isokinetic dynamometer (Lumex, Inc.,
Ronkonkoma, New York, USA) was used to evaluate the
IR and ER strength of swimmer shoulders. The setup of the
isokinetic test was shown in Figure 4. The isokinetic test
for shoulder muscle was performed in seated. The trunk of
the participants was stabilized by the chest and pelvis
straps. The glenohumeral joint (GHJ) was positioned at 45
degrees of abduction and 30 degrees of forward flexion.
The elbow joint of the participants was fixed at 90 degrees
of flexion and the forearm should be in neutral supination-
pronation position. The axis of the dynamometer was
aligned with the longitudinal axis of the humerus through
the olecranon. During the assessment, the testing arm of

participants held the handle of the test adapter and the other
one grasped the stabilizing handle (Aguado-Henche, 2018;
Jobe et al., 1989). It was suggested that less discomfort
would be experienced by participants with a lower risk of
shoulder anterior instability and subacromial impingement
(Stickley et al., 2008).

Figure 4. Isokinetic test of shoulder strength
by isokinetic dynamometer.
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During the isokinetic test, both concentric (Con)
and eccentric (Ecc) contractions of shoulder internal rota-
tion (IR) and external rotation (ER) were assessed. Con-
centric contractions of IR and ER were tested first.
Previous researches have shown that interclass correlation
coefficients for IR and ER peak torque at 60 degrees/sec-
ond in the scapular plane were high. The kappa value of IR
was ranged from 0.82 to 0.86, and the kappa value of ER
from 0.70 to 0.76 (Wilk and Arrigo, 1993).

The isokinetic test was performed at a speed of 60
degrees/second, through the range of 90 degrees, from 45
degrees of IR to 45 degrees of ER, since testing the strength
at a relatively slow velocity could reduce the artefacts
(Yildiz et al., 2006). Five submaximal contractions trials
were first performed so that the participants could familiar-
ize with the movements. After one-minute break, five max-
imal contractions were performed during testing session.
Assessment of eccentric contractions of IR and ER were
performed with the same procedure after two minutes rest.
Standardized verbal encouragement was given by assessor
one during the test. Bilateral shoulders were tested with the
same procedures.

Statistical analysis

Means and standard deviations (S.D.) were calculated for
age, height, weight, years of competition, total training ses-
sions, training distance, as well as the average peak torque
per body weight of isokinetic strength. The software SPSS
26.0 (International Business Machines Corporation,
U.S.A.) was used to run statistical tests with threshold p-
value of 0.05. A normality test has been used to check the
sampling distribution. Pearson’s r correlation (2 tailed)
tests were performed to evaluate the correlations between
(1) shoulder rotation strength or ER/IR ratio in isokinetic
strength of shoulders and SST condition. and (2) shoulder
rotation strength or ER/IR ratio and maximal supraspinatus
thickness. Analysis of the both sides of the shoulder was
conducted separately. Linear regression was used to pre-
dict the MSTT from ER/IR ratio in isokinetic strength of
shoulders. The current study showed that the incidence of
impingement findings had no significant difference be-
tween genders. Therefore, the statistical analysis is done
with mixed genders.

Results

Demographics

44 swimmers were recruited (32 males and 12 females) in
our study. Mean age was 21.48(+4.18) years. Average
training sessions among swimmers were 7.40(£3.26) per
week, training distance was 4407(£1195) meters per ses-
sion and competitive years were 11.35(£2.95) years. 38
swimmers were right handedness and the same 38 swim-
mers with right preferential breathing side. 88 shoulders
were examined, 26 shoulders were symptomatic and 62
shoulders were asymptomatic. The demographic and an-
thropometric data were listed in Table 2.

Ultrasound images

The results obtained from ultrasound scanning were sum-
marized in Table 3. There were 18.18% of supraspinatus
tendons showed partial thickness tear, 88.64% supraspina-
tus tendons showed altered fibrillary pattern and 54.55%
supraspinatus tendons showed hypoechogenicity. 93.18%
supraspinatus tendons were classified as tendinopathy (ab-
normal tendon structure), whereas only 6.82% of suprasp-
inatus tendons were classified as normal. The mean of
maximal supraspinatus thickness (MSTT) was 6.61(%1.04)
mm in 88 shoulders and shoulders with maximal suprasp-
inatus thickness > 6.0mm were 71.59% (Table 3).

Supraspinatus tendon structure versus pain

91.94% asymptomatic swimmers with abnormal tendon
structure and 96.15% symptomatic swimmers with abnor-
mal tendon structure (Table 3). Likewise, asymptomatic
swimmers with maximal supraspinatus thickness more
than 6.0mm were 69.84%; and symptomatic swimmers
with maximal supraspinatus thickness more than 6.0mm
were 64.0% (Table 3).

There was no significant association between su-
praspinatus tendon structure and shoulder pain (p = 0.474).
Similarly, no significant association was found between
maximal supraspinatus thickness and shoulder pain (p =
0.178).

Shoulder isokinetic strength
All swimmers’ shoulders were tested and the results
of concentric and eccentric contraction of both shoulder

Table 2. Demographic and anthropometric data of participants.

Characteristics of Swimmers

Number of Swimmers
Right Handedness
Left Handedness
Preferential breathing to Right side
Preferential breathing to Left side
Symptomatic Shoulders
Asymptomatic Shoulders

Male: 32, Female: 12 **32 are front crawl swimmers**

N=38
N=6
N=38
N=6
N=26
N=62

Mean Standard Deviation
Age 21.48 4.18
Height (m) 1.72 0.08
Weight (kg) 68.38 14.92
Competitive years 11.35 2.95
Swimming training (session/wk) 7.40 3.26
Training distance (m/session) 4406.82 1194.98
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Table 3. Summary of supraspinatus tendon condition of participants.

Total Percentage
Full thickness tear 0 0.00%
Partial thickness tear 16 18.18%
Altered fibrillar pattern 78 88.64%
Tendon hypoechogenicity 48 54.55%
Normal tendon Structure 6 6.82%
Abnormal tendon structure (ATS) 82 93.18%
Asymptomatic with ATS 57 91.94%
Symptomatic with ATS 25 96.15%
MSTT>= 6mm 63 71.59%
MSTT< 6mm 25 28.41%
Asymptomatic with MSTT >= 6mm 44 69.84%
Symptomatic with MSTT >= 6mm 16 64.00%

Mean Stand Dv
Mean of MSTT (mm) 0.66 0.10

ATS: Abnormal tendon structure; MSTT: maximal supraspinatus tendon thickness. Unit:

mm: millimeter.

internal rotation and external rotation were obtained. The
mean of concentric internal rotation (Con IR) and eccentric
internal rotation (Ecc IR) were 0.68 +0.14 and 0.74 £ 0.14
(Nm/kg) respectively. The mean of concentric external ro-
tation (Con ER) and eccentric external rotation (Ecc ER)
were 0.27 + 0.08 and 0.36 + 0.10 (Nm/kg) respectively.
Mean ratio of Ecc ER/Con IR was 0.54 (= 0.11) and mean
ratio of Con ER/Con IR was 0.40 (£ 0.09). The mean and
standard deviation of isokinetic strength were presented in
Table 4.

Supraspinatus tendon versus shoulder strength (abnor-
mal tendon structure vs isokinetic rotation strength)

The mean value of concentric internal rotation and eccen-
tric internal rotation were larger in normal tendon group.
However, those were not significant. For the mean eccen-
tric internal rotation, similar results were shown between

abnormal tendon structure group and normal supraspinatus
tendon structure group (Table 5).

On the other hand, a significant correlation was
found between left maximal supraspinatus thickness
>6mm and left ER/Con (r = 0.635, p = 0.02) and left ER/
Ecc (r=0.584, p = 0.036) (Table 6). However, no signifi-
cant association was found between maximal supraspina-
tus thickness and IR/Con or IR/Ecc.

Supraspinatus tendon versus shoulder strength ratio
(ER/IR ratio in isokinetic strength)

The strength ratios of normal tendon were 0.66 + 0.12 (Ecc
ER/Con IR), 0.48 + 0.08 (Con ER/Con IR), 0.43 + 0.12
(Con ER/Ecc IR) and 0.59 + 0.18 (Ecc ER/Ecc IR) (Table
7). The strength ratios of abnormal tendon were 0.53 +0.11
(Ecc ER/Con IR), 0.40 = 0.09 (Con ER/Con IR), 0.37 +
0.11 (Con ER/Ecc IR) and 0.48 + 0.13 (Ecc ER/Ecc IR)
(Table 7).

Table 4. Mean and standard deviation of isokinetic shoulder rotation strength results (n = 88.)

mean (nm/kg)

standard deviation (nm/kg)

Con IR 0.68 0.14
Ecc IR 0.74 0.14
Con ER 0.27 0.08
Ecc ER 0.36 0.10
Ratio Ratio
Ecc ER/ Con IR 0.54 0.11
Con ER/ Con IR 0.40 0.09
Con ER/ Ecc IR 0.37 0.11
Ecc ER/ Ecc IR 0.49 0.13

Con: Concentric; Ecc: Eccentric; ER: External rotation; IR: Internal Rotation.

Table 5. Mean values of shoulder rotation strength by SST condition.

Tendon condition Con IR Ecc IR Con ER Ecc ER
(Nm/kg) (Nm/kg) (Nm/kg) (Nm/kg)
Normal tendon Mean 0.67 0.76 0.32 0.45
(N=6) Standard Deviation 0.16 0.10 0.11 0.14
ATS Mean 0.68 0.74 0.27 0.36
(N=82) Standard Deviation 0.14 0.14 0.08 0.10

Con: Concentric; Ecc: Eccentric; ER: External rotation; IR: Internal Rotation; ATS: abnormal tendon structure

Table 6. Correlation between MSTT and shoulder rotational strength.

Con IR Ecc IR Con ER Ecc ER
Pearson’s Correlation 0.442 431 0.635 * 0.584*
LMSTT Sig. (2-tailed) 0.131 0.142 0.02 0.036
Pearson’s Correlation 0.255 0.077 0.388 0.346
LRI Sig. (2-tailed) 0.476 0.833 0.268 0.328

Con: Concentric; Ecc: Eccentric; ER: External rotation; IR: Internal Rotation; df: degree of freedom; Sig.: significance prob-
ability; LMSTT: Left maximal supraspinatus tendon thickness; RMSTT: Right maximal supraspinatus tenson thickness
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Table 7. Mean values of shoulder rotation strength ratio by SST condition
Ratio (Ecc ER/ Ratio (Con ER/ Ratio (Con ER/ Ratio (Ecc ER/

Tendon Condition

Con IR) Con IR) Ecc IR) Ecc IR)
Normal Tendon Mean o 0.66 0.48 0.43 0.59
Std. Deviation 0.12 0.08 0.12 0.18
ATS Mean . 0.53 0.40 0.37 0.48
Std. Deviation 0.11 0.09 0.11 0.13

Con: Concentric; Ecc: Eccentric; ER: External rotation; IR: Internal Rotation; ATS: abnormal tendon structure; std.
deviation: standard deviation

Table 8. Linear regression between MSTT and ER/IR ratio.

R Adjusted R square  F value Sig.
LMSTT>6mm . . " .
LMSTT<6mm Linear Regression 0.734 0.462 7.016 P=0.038
RMSTT>6mm Lincar Regression 0.254 -0.169 0.277 P=0.627
RMSTT<6mm & 0.073 -0.492 0.011 P=0.927

ER: External rotation; IR: Internal Rotation; Sig.: significance level; MSTT: maximal supraspinatus tendon

thickness.

Simple linear regression was used to predict the
maximal supraspinatus thickness from IR/ER ratio in iso-
kinetic strength. It showed that ER/IR ratio is a significant
predicator on left maximal supraspinatus thickness (R? =
0.462,F=7.016,df =1, p=0.038). IR/ER ratio accounted
for 46% of the variance of left maximal supraspinatus
thickness (Table 8). However, there was no association be-
tween right maximal supraspinatus thickness and shoulder
ER/IR ratio when taken maximal supraspinatus thickness
> 6mm as a diagnostic criterion for supraspinatus tendon
tendinopathy.

Discussion

We hypothesized that structural abnormality of SST is as-
sociated with shoulder pain and negatively associated with
shoulder muscle strength in elite swimmers. In this study,
the results showed that (1) there was no association be-
tween SST abnormality and shoulder pain and (2) there
was a significant correlation between LMSTT and L
ER/Con and LER/Ecc shoulder strength (p < 0.05) while
ER/IR ratio can also be a significant predicator on LMSTT
> 6mm.

This study showed that majority of the elite swim-
mer’s shoulders were presented with supraspinatus tendi-
nopathy (93.18%). A high prevalence of supraspinatus ten-
dinopathy was found in our study and was consistent with
other studies (Celliers et al., 2017; Dischler et al., 2018;
Sein et al., 2010; Suzuki et al., 2020). Some of the authors
studied shoulder structural abnormalities using MRI imag-
ing among elite swimmers and revealed 46.7% to 69%
prevalence of supraspinatus tendinosis (Celliers et al.,
2017; Dischler et al., 2018; Sein et al., 2010; Suzuki et al.,
2020). Our results revealed a higher prevalence rate than
those studies (93.18% vs 46.7% to 69%). It might due to
the fact that not only SST tendinosis was included, but also
SST tendon changes, such as AF. Nonetheless, their find-
ings were close to our results of defining MSTT >6mm as
SST tendinopathy which contained 71.59% in all elite
swimmers. Suzuki et al. (2020) has also found the preva-
lence of SST tendinosis was significantly higher among the
swimmers (75%) than the age-matched control group
(17.5%)(Suzuki et al., 2020). Our current study agreed with

Suzuki et al. (2020) that swimmers were susceptible to de-
velop SST tendinosis and SST tendinopathy.

Supraspinatus tendon structure vs pain

We found a non-significant association between suprasp-
inatus abnormality structural changes and shoulder pain (p
= 0.474); and non-significant association between MSTT
and shoulder pain (p = 0.176). Our result agreed with Bras-
seur et al. (2004) that no relationship was found between
current pain and the presence of a supraspinatus tendinopa-
thy in sportsmen performing overhead sports (Brasseur et
al., 2004). The lack of association between pain and su-
praspinatus tendon abnormality can be explained by the
fact that swimmers’ shoulder pain could be caused by var-
ious shoulder pathologies, including labral damage, shoul-
der laxity, neuropathy from nerve entrapment and ana-
tomic anomalies (Matzkin et al., 2016). Similarly, other
studies (Fredberg & Bolvig, 2002; Khan et al., 1997; Leung
& Griffith, 2008) recruited asymptomatic athletes had also
revealed tendinosis or tears in their patellar/Achilles ten-
dons. All these findings supported a poor relationship be-
tween tendon structural abnormalities and pain. Therefore,
shoulder pain is not the best indicator for shoulder tendi-
nopathy among swimmers. Also, ATS was identified
among the majority of asymptomatic swimmers (93.18%),
and there was a substantial portion of asymptomatic shoul-
der with MSTT > 6.0mm (69.84%). Hence, most of the
asymptomatic swimmers have different level of suprasp-
inatus tendon pathologies.

Supraspinatus tendon structure versus strength
Our results showed that the shoulder mean Con IR strength
(0.68+/-0.14) Nm/kg was greater than mean Con ER
strength (0.27+/-0.08) Nm/kg. Similar results were re-
vealed in the study conducted by Bak and Magnusson (IR:
0.57-0.74Nm/kg, ER: 0.37-0.49Nm/kg) (Bak &
Magnusson, 1997). This could be explained by the shoul-
der IR was the major muscle for propulsion movement dur-
ing the acceleration phase of swimming (Liaghat et al.,
2018).

Our findings had showed that a significant correla-
tion was found between left MSTT > 6mm and L ER/Con
(r=0.635, p =0.02) and L ER/ Ecc (r = 0.584, p = 0.036)
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(Table 7). However, no significant association was found
between MSTT and IR/Con or IR/Ecc.

This could be explained by the role of supraspinatus
muscle in shoulder movement in swimming. Besides ini-
tializing shoulder abduction and external rotation, SST can
also act as a stabilizer working together with trapezius,
rhomboids and middle and anterior deltoid during recovery
phase of front crawl stroke (Pink et al., 1991). Different
level of SST pathologies might cause weaker ER and lead
to shoulder instability which could be a potential cause of
symptoms. On the contrary, the role of different rotator
muscles in front crawl swimming could be another cause
of this finding. An imbalance of ER/IR of shoulder will al-
ter swimming pattern and cause difference in dynamic in-
stability.

Our results of association between MSTT and
shoulder muscle isokinetic strength in this study were in
lined with other studies. Such result agreed with MacDer-
mid et al. (2004) about the association between rotator cuff
pathology and strength. They revealed that the shoulder in-
ternal and external rotation strength were significantly de-
creased in the group with rotator cuff pathology (P < 0.05).
However, Zanca et al. (2011) has also found that IR
strength of athletes with shoulder impingement was less
(0.47 0.49Nm/kg) than the group without shoulder im-
pingement (0.51 - 0.53Nm/kg) Bujalance-Moreno et al.
(2019). It may probably due to their findings were based
on shoulder impingement but not SST structure.

There was previous study investigated the relation-
ship between ultrasound image and muscle strength in elite
swimmers’ shoulders. Those studies reported that 83.8% of
90 subjects with ultrasound abnormal findings in rotator
cuff muscles were significantly weaker in all shoulder mus-
cle strength (Jigami et al., 2018). That is in congruent with
our findings despite they measured shoulder muscle
strength with a hand-held dynamometer (HHD) instead of
isokinetic dynamometer. Besides of the limitation of HHD
in testing moving limbs, Muff et al. (2016) has also sug-
gested that HHD is not a valid option for strength ratio as-
sessment (Muff et al., 2016). Whereas, we found that there
was a specific association between supraspinatus tendon
abnormality and shoulder Ecc ER strength in swimmers
with ultrasound evaluation and isokinetic dynamometer. A
more precise and specific finding is warranted to help cli-
nicians to optimize the understanding of “swimmers’
shoulder”.

Clinical implications

Our results suggested that supraspinatus tendon abnormal-
ities were identified among the majority of asymptomatic
swimmers. Ultrasound imaging might serve as a prime
prognostic or screening tool for both symptomatic and
asymptomatic swimmers for early identification of tendon
abnormalities before high intensity swimming train-
ing. Since pain is a subjective and complex entity, and can
be perceived differently between individuals, asympto-
matic swimmers prone to develop high risk of tendon ten-
dinopathy. Thus, early detection of tendon abnormality in
elite swimmer’s shoulders is crucial to prevent future rota-
tor cuff tendons damages. Therefore, future longitudinal
studies with long follow-up should be considered to

investigate how well the current asymptomatic tendon ab-
normality would predict the development of future symp-
toms.

Since ER/IR ratio is identified associating with su-
praspinatus tendon abnormality; pre-season training can
focus more on the shoulder rotation program to prevent
sports injury in elite swimmers’ shoulders. Furthermore,
the training program can target on eccentric strength of
shoulder external rotators although the target ratio of
ER/IR needs further investigations. The isokinetic shoulder
strength to predict the risk for supraspinatus tendinopathy
for swimmers is also warranted for future study.

Limitation of study

The SST of participants were unknown prior this study
which has led to a different number of subjects for compar-
isons among the groups. Moreover, this research examined
the supraspinatus tendon only. Studies on other rotator cuff
muscles like infraspinatus and subscapularis muscles could
also be conducted in the future since those muscles also
contributed to shoulder IR and ER in overhead swimming.

Conclusion

This study showed that majority (93.18%) of elite swim-
mer’s shoulders examined presented with supraspinatus
tendinopathy. There were 91.94% asymptomatic swim-
mers with ATS and 96.15% symptomatic swimmers with
ATS. Meanwhile, 71.59% of shoulders had MSTT >
6.0mm. Asymptomatic swimmers with MSTT more than
6.0mm were 69.84% and symptomatic swimmers were
64.0% respectively. Based on the statistical analysis, we
conclude that there was no significant association between
SST structure and shoulder pain.

The mean Ecc ER strength of the group with ATS
(0.36+/-0.10 Nm/kg) was significantly less than that of the
group with normal SST (0.45+/- 0.14 Nm/kg) (p = 0.033).
We found that there was a significant negative association
between ATS and ER/IR ratio in Ecc ER/con IR ratio (p =
0.005) and con ER/con IR ratio. (p = 0.020).

As a result, early detection of supraspinatus tendon
structural changes with the use of ultrasound imaging in
swimmers is warranted to help healthcare practitioner or
coaches to design a precise training program and rehabili-
tation protocol for tendon injury preventions.

Acknowledgements

This work was supported by the research fund of the Research Institute
for Sports Science and Technology of the Hong Kong Polytechnic Uni-
versity (Ref. No. P0043506) awarded to Dr. Billy So and his team. Au-
thors appreciate and thank for Hong Kong China Swimming Association
registered swimmers to join our study. The experiments comply with the
current laws of the country in which they were performed. The authors
have no conflict of interest to declare. The datasets generated and ana-
lyzed during the current study are not publicly available, but are available
from the corresponding author who was an organizer of the study.

References

(AIUM), A.Lo.U.iM. (2003) AIUM Practice Guideline for the
Performance of a Shoulder Ultrasound Examination. Journal of
Ultrasound in Medicine 22, 1137-1141.
https://doi.org/10.7863/jum.2003.22.10.1137

Aguado-Henche, S. (2018) Slocker de Arce A, Carrascosa-Sanchez J,
Bosch-Martin A, Cristobal-Aguado S. Isokinetic assessment of



So et al.

25

shoulder complex strength in adolescent elite synchronized
swimmers. Journal of Bodywork and Movemeny Therapies 22,
968-971. https://doi.org/10.1016/j.jbmt.2018.01.018

Arend, C.F, Arend, A.A. and da Silva, R. (2014) Diagnostic value of
tendon thickness and structure in the sonographic diagnosis of
supraspinatus tendinopathy: room for a two-step approach.
European  Journal of Radiology 83(6), 975-979.
https://doi.org/10.1016/j.ejrad.2014.02.021

Bak, K. (2010) The Practical Management of Swimmer’s Painful
Shoulder: Etiology, Diagnosis, and Treatment. Clinical Journal
of Sport Medicine 20, 386-390.
https://doi.org/10.1097/JSM.0b013e3181f205fa

Bak, K. and Faung, P. (1997) Clinical Findings in Competitive Swimmers
with Shoulder Pain. American Journal of Sports Medicine 25,
254-260. https://doi.org/10.1177/036354659702500221

Bak, K. and Magnusson, S.P. (1997) Shoulder strength and range of
motion in symptomatic and pain-free elite swimmers. The
American Journal of Sports Medicine 25, 454-459.
https://doi.org/10.1177/036354659702500407

Boettcher, C., Halaki, M., Holt, K. and Ginn, K.A. (2020) Is the Normal
Shoulder Rotation Strength Ratio Altered in Elite Swimmers?
Medicine and Science in Sports and Exercise 52, 680-684.
https://doi.org/10.1249/MSS.0000000000002177

Brasseur, J.-L., Lucidarme, O., Tardieu, M., Tordeur, M., Montalvan, B.,
Parier, J., Le Goux, P., Gires, A. and Grenier, P. (2004)
Ultrasonographic rotator-cuff changes in veteran tennis players:
the effect of hand dominance and comparison with clinical
findings. European Radiology 14, 857-864.
https://doi.org/10.1007/s00330-003-2116-0

Celliers, A., Gebremariam, F., Joubert, G., Mweli, T., Sayanvala, H. and
Holtzhausen, L. (2017) Clinically relevant magnetic resonance
imaging (MRI) findings in elite swimmers’ shoulders. SA
Journal of Radiology 21.

Ciullo, J.V. (1986) Swimmer's shoulder. Clinics in Sports Medicine 5,
115-137. https://doi.org/10.1016/S0278-5919(20)31163-7

Connor, P.M., Banks, D.M., Tyson, A.B., Coumas, J.S. and D'Alessandro,
D.F. (2003) Magnetic Resonance Imaging of the Asymptomatic
Shoulder of Overhead Athletes. American Journal of Sports
Medicine 31, 724-727.
https://doi.org/10.1177/03635465030310051501

Dischler, J.D., Baumer, T.G., Finkelstein, E., Siegal, D.S. and Bey, M.J.
(2018) Association Between Years of Competition and Shoulder
Function in Collegiate Swimmers. Sports Health: A
Multidisciplinary Approach 10, 113-118.
https://doi.org/10.1177/1941738117726771

Ellenbecker, T.S. and Roetert, E.P. (2003) Age specific isokinetic gleno-
humeral internal and external rotation strength in elite junior ten-
nis players. Journal of Science Medicine and Sport 6(1), 63-70.
https://doi.org/10.1016/S1440-2440(03)80009-9

Ellenbecker, T.S. and Davies, G.J. (2000) The application of isokinetics
in testing and rehabilitation of the shoulder complex. Journal of
Athletic Training 35(3), 338-350.

Fredberg, U. and Bolvig, L. (2002) Significance of Ultrasonographically
Detected Asymptomatic Tendinosis in the Patellar and Achilles
Tendons of Elite Soccer Players: A Longitudinal Study.
American Journal of Sports Medicine 30, 488-491.
https://doi.org/10.1177/03635465020300040701

Fredericson, M., Ho, C., Waite, B., Jennings, F., Peterson, J., Williams,
C. and Mathesonn, G.O. (2009) Magnetic Resonance Imaging
Abnormalities in the Shoulder and Wrist Joints of Asymptomatic
Elite Athletes. Physical Medicine and Rehabilitation1,107-116.
https://doi.org/10.1016/j.pmzj.2008.09.004

Gozlan, G., Bensoussan, L., Coudreuse, J.M., Fondarai, J., Gremeaus, V.,
Viton, J M., & Delarque, A. (2006) Isokinetic dynamometer
measurement of shoulder rotational strength in healthy elite
athletes (swimming, volley-ball, tennis): comparison between
dominant and nondominant shoulder. Annales de Readaptation
Et De Medecine Physique 49 (1),8-15.
https://doi.org/10.1016/j.annrmp.2005.07.001

Habets, B., Staal, J.B., Tijssen, M. and Van Cingel, R. (2018) Intrarater
reliability of the Humac NORM isokinetic dynamometer for
strength measurements of the knee and shoulder muscles. BMC
Research Notes 11. https://doi.org/10.1186/s13104-018-3128-9

Hawkins, R.J. and Kennedy, J.C. (1980) Impingement syndrome in
athletes. American Journal of Sports Medicine 8, 151-158.
https://doi.org/10.1177/036354658000800302

Hegedus, E.J., Goode, A.P., Cook, C.E., Michener, L., Myer, C.A., Myer,
D.M. and Wright, A.A. (2012) Which physical examination tests
provide clinicians with the most value when examining the
shoulder? Update of a systematic review with meta-analysis of
individual tests. British Journal of Sports Medicine 46, 964-978.
https://doi.org/10.1136/bjsports-2012-091066

Hermans, J., Luime, J.J., Meuffels, D.E., Reijman, M., Simel, D.L. and
Bierma-Zeinstra, S.M.A. (2013) Does This Patient With
Shoulder Pain Have Rotator Cuff Disease? The Journal of the
American Medical Association 310, 837.
https://doi.org/10.1001/jama.2013.276187

Hill, L., Collins, M. and Posthumus, M. (2015) Risk factors for shoulder
pain and injury in swimmers: A critical systematic review. The
Physicians and Sportsmedicine 43(4), 412-420.
https://doi.org/10.1080/00913847.2015.1077097

Tagnocco, A., Filippucci, E., Sakellariou, G., Fulvia, C., Di Geso, L.,
Carli, L., Riente, L., Delle Sedie, A. and Guido, V. (2013)
Ultrasound imaging for the rheumatologist XLIV. Ultrasound of
the shoulder in healthy individuals. Clinical and Experimental
Rhematology 31, 165-171.

Ingwersen, K.G., Hjarbaek, J., Eshoej, H., Larsen, C.M., Vobbe, J. and
Juul-Kristensen, B. (2016) Ultrasound assessment for grading
structural tendon changes in supraspinatus tendinopathy: an
inter-rater reliability study. British Medical Journal Open 6,
e011746. https://doi.org/10.1136/bmjopen-2016-011746

Itoi, E., Minagawa, H., Yamamoto, N., Seki, N. and Abe, H. (2006) Are
pain location and physical examinations useful in locating a tear
site of the rotator cuff? American Journal of Sports Medicine 34,
256-264. https://doi.org/10.1177/0363546505280430

Jigami, H., Koyama, M., Kato, T., Wada, T., Tamaki, T., Ohuchi, H. and
Kaneoka, K. (2018) Relationship between ultrasound and
manual evaluation findings and muscle strength of Masters
swimmers’ shoulder. Journal of Science Medicine and Sport 21,
95. https://doi.org/10.1016/j.jsams.2018.09.216

Jobe, F., Kvitne, R. and Giangarra, C. (1989) Shoulder pain in the
overhand or throwing athlete. The relationship of anterior
instability and rotator cuff impingement. Orthopaedic Review
18, 963-975.

Kennedy, J.C., Hawkins, R. and Krissoff, W.B. (1978) Orthopaedic
manifestations of swimming. American Journal of Sports
Medicine 6, 309-322.
https://doi.org/10.1177/036354657800600602

Khan, K.M., Cook, J.L., Kiss, Z.S., Visentini, P.J., Fehrmann, M.W.,
Harcourt, P.R., Tress, B.W. and Wark, J.D. (1997) Patellar
tendon ultrasonography and jumper's knee in female basketball
players: a longitudinal study. Clinical Journal of Sport Medicine
7, 199-206.  https://doi.org/10.1097/00042752-199707000-
00009

Land, H., Gordon, S. and Watt, K. (2017) Isokinetic clinical assessment
of rotator cuff strength in subacromial shoulder impingement.
Musculoskeletal ~ Science and  Practice 27, 32-39.
https://doi.org/10.1016/j.msksp.2016.11.012

Leung, J.L.Y. and Griffith, J.F. (2008) Sonography of chronic Achilles
tendinopathy: A case—control study. Journal of Clinical
Ultrasound 36, 27-32. https://doi.org/10.1002/jcu.20388

Liaghat, B., Juul-Kristensen, B., Frydendal, T., Marie Larsen, C.,
Segaard, K. and Ilkka Tapio Salo, A. (2018) Competitive
swimmers with hypermobility have strength and fatigue deficits
in shoulder medial rotation. Journal of Electromyography and
Kinesiology 39, 1-7.
https://doi.org/10.1016/j.jelekin.2018.01.003

Macdermid, J.C., Ramos, J., Drosdowech, D., Faber, K. and Patterson, S.
(2004) The impact of rotator cuff pathology on isometric and
isokinetic strength, function, and quality of life. Journal of
Shoulder and Elbow Surgery 13, 593-598.
https://doi.org/10.1016/j.jse.2004.03.009

Matzkin, E., Suslavich, K. and Wes, D. (2016) Swimmer’s shoulder:
painful shoulder in the competitive swimmer. Journal of the
American Academy of Orthopaedic Surgeons 24, 527-536.
https://doi.org/10.5435/JAAOS-D-15-00313

McAuliffe, S., McCreesh, K., Culloty, F., Purtill, H. and O'Sullivan, K.
(2016) Can ultrasound imaging predict the development of
Achilles and patellar tendinopathy? A systematic review and
meta-analysis. British Journal of Sports Medicine 50, 1516-
1523. https://doi.org/10.1136/bjsports-2016-096288

McMaster, W.C. (1999) Shoulder injuries in competitive swimmers.



26

Shoulder tendinopathy, pain and strength of elite swimmers

Clinics in Sports Medicine 18, 349-359.
https://doi.org/10.1016/S0278-5919(05)70150-2

Muff, G., Dufour, S., Meyer, A., et al. (2016) muff. Journal of Physical
Therapy Science 28(9), 2445-2451.
https://doi.org/10.1589/jpts.28.2445

Olivier, N., Quintin, G. and Rogez, J. (2008) The high-level swimmer
articular shoulder complex. Annales de readaptation et de
medecine physique 51(5), 342-347.
https://doi.org/10.1016/j.annrmp.2008.04.005

Ottenheijm, R.P., Jansen, M.J., Staal, J.B., Van Den Bruel, A., Weijers,
R.E., De Bie, R.A. and Dinant, G.-J. (2010) Accuracy of
Diagnostic Ultrasound in Patients With Suspected Subacromial
Disorders: A Systematic Review and Meta-Analysis. Archives of
Physical Medicine and Rehabilitation 91, 1616-1625.
https://doi.org/10.1016/j.apmr.2010.07.017

Perrin, D. (1993) Isokinetic Exercise and Assessment. Human Kinetics,
Champaign, Illinois.

Pink, M., Perry, J., Browne, A., Scovazzo, M.L. and Kerrigan, J. (1991)
The normal shoulder during freestyle swimming. An electromy-
ographic and cinematographic analysis of twelve muscles. Amer-
ican Journal of Sports Medicine 19(6), 569-576.
https://doi.org/10.1177/036354659101900603

Porter, K.N., Blanch, P.D., Walker, H.M. and Shield, A.J. (2020) The
effect of previous shoulder pain on supraspinatus tendon
thickness changes following swimming practice. Scandinavian
Journal of Medicine & Science in Sports 30, 1442-1448.
https://doi.org/10.1111/sms.13678

Renstrém, P. and Johnson, R.J. (1985) Overuse injuries in sports. Sports
Medicine 2, 316-333.  https://doi.org/10.2165/00007256-
198502050-00002

Rupp, S., Berninger, K. and Hopf, T. (1995) Shoulder problems in high
level swimmers-impingement, anterior instability, muscular
imbalance? International journal of sports medicine 16, 557-
562. https://doi.org/10.1055/s-2007-973054

Sein, M.L., Walton, J., Linklater, J., Appleyard, R., Kirkbride, B., Kuah,
D. and Murrell, G.A. (2010) Shoulder pain in elite swimmers:
primarily due to swim-volume-induced supraspinatus
tendinopathy. British Journal of Sports Medicine 44, 105-113.
https://doi.org/10.1136/bjsm.2008.047282

Soslowsky, L.J., Thomopoulos, S., Tun, S., Flanagan, C.L., Keefer, C.C.,
Mastaw, J. and Carpenter, J.E. (2000) Neer Award 1999:
Overuse activity injures the supraspinatus tendon in an animal
model: A histologic and biomechanical study. Journal of
Shoulder and Elbow Surgery 9, 79-84.
https://doi.org/10.1067/mse.2000.101962

Stickley, C.D., Hetzler, R.K., Freemyer, B.G. and Kimura, L.F. (2008)
Isokinetic Peak Torque Ratios and Shoulder Injury History in
Adolescent Female Volleyball Athletes. Journal of Athletic
Training 43, 571-577. https://doi.org/10.4085/1062-6050-
43.6.571

Suzuki, Y., Maeda, N., Sasadai, J., Kaneda, K., Shirakawa, T. and Urabe,
Y. (2020) Ultrasonographic Evaluation of the Shoulders and Its
Associations with Shoulder Pain, Age, and Swim Training in
Masters Swimmers. Medicina 57, 29.
https://doi.org/10.3390/medicina57010029

Teefey, S.A., Hasan, S.A., Middleton, W.D., Patel, M., Wright, R W. and
Yamaguchi, K. (2000) Ultrasonography of the rotator cuff: a
comparison of ultrasonographic and arthroscopic findings in one
hundred consecutive cases. The Journla of Bone and Joint
Surgery 82, 498. https://doi.org/10.2106/00004623-200004000-
00005

Tyler, T.F., Nahow, R.C., Nicholas, S.J. and McHugh, M.P. (2005)
Quantifying shoulder rotation weakness in patients with shoulder
impingement. Journal of Shoulder and Elbow Surgery 14, 570-
574. https://doi.org/10.1016/.jse.2005.03.003

Wilk, K.E. and Arrigo, C. (1993) Current concepts in the rehabilitation of
the athletic shoulder. Journal of Orthopaedic and Sports
Physical Therapy 18(1), 365-378.
https://doi.org/10.2519/jospt.1993.18.1.365

Yildiz, Y., Aydin, T., Sekir, U., Kiralp, M.Z., Hazneci, B. and Kalyon,
T.A.  (2006)  Shoulder terminal range  eccentric
antagonist/concentric agonist strength ratios in overhead
athletes. Scandinavian Journal of Medicine and Science in
Sports 16, 174-180. https://doi.org/10.1111/j.1600-
0838.2005.00471.x

Zanca, G.G., Oliveira, A.B., Saccol, M.F. and Mattiello-Rosa, S.M.
(2011) Isokinetic dynamometry applied to shoulder rotators -

velocity limitations in eccentric evaluations. Journal of Science
Medicine and Sport 14(6), 541-546.
https://doi.org/10.1016/j.jsams.2011.05.002

Key points

e Coaches and practitioners may take advantage of the
effectiveness of a single limb body-weight condition-
ing activity, such as, i.e., alternating leg bounds as a
part of pre-competition warm- ups to enhance subse-
quent performance without needing specific equip-
ment.

e The effectiveness of conditioning activity exercises
appears to be force-vector specific, i.e., vertical drop
jumps improve vertical jump performance, while hor-
izontal drop jumps enhance sprint and change of di-
rection performance.

e The effects of single limb conditioning activity on the
contralateral limb have not been thoroughly exam-
ined. However, the limited evidence shows that the
post-activation performance enhancement effect is
mainly local.
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